ABSTRACT
treatment, and protocol specific variables were obtained from all patients. Baseline seizure history information was available only in the subgroup of patients treated at the Mayo Clinic.
EIAC use was coded as a dichotomous variable at baseline (registration on study). OS was measured from the date of initial surgical diagnosis until date of death, or last follow-up for those not deceased. PFS was measured from the start of chemotherapy to the date of documented progression. Follow-up of OS and PFS is ongoing for these patients. Patients who died without documented progression were assumed to have progressed at the time of death. Immediate progression was defined as a dichotomous variable in which the best objective tumor response was progression; the lack of immediate progression was defined as observation of complete response, partial response, regression, or stable disease. Other variables considered in the analysis included age at diagnosis (as a continuous variable); gender; baseline ECOG performance status; family history of cancer; baseline neurocognitive function (Folstein Mini-Mental State Examination score, treated as a continuous variable); extent of tumor resection (biopsy, subtotal or gross total resection); steroid use (yes/no) at baseline; and the clinical trial (NCCTG 937252, 987252, or N0074).
Comparisons of variable distributions among groups were performed with a 2 test for categorical variables, the Wilcoxon rank sum (for comparisons of 2 groups), or the Kruskal-Wallis test (comparisons of 3 groups) for continuous variables. 5 Specific groups were defined by treatment protocol, anticonvulsant use (yes vs no), EIAC use (yes vs no), and baseline history of seizures (yes/no). Distributions of time-to-event data (survival and PFS) were estimated with the Kaplan-Meier estimator. 6 Comparisons of PFS and survival experiences among defined groups of patients were performed with the log-rank test. 7 Univariable and multivariable Cox proportional hazards models were used to assess the association between EIAC, history of seizures, and outcome (PFS and survival). 8, 9 Immediate progression rates were compared univariably by a 2 test and odds ratios (OR). Multivariable logistic regression models were used to assess the relationship of EIAC use to immediate progression in the presence of other important clinical factors. 5 Two different multivariable analyses were conducted. In the first analysis, all known prognostic variables for survival and PFS were entered into the model as adjusting variables, along with the variable of interest (EIAC use). Because the choice to use or not use EIAC was made totally by the treating physician, we considered that bias, which potentially affected estimates of EIAC association with the outcome variable (immediate progression, survival, or PFS), might have been introduced. Thus, a second multivariable analysis examined the association that remained when all prognostic variables were added as individuals with adjustment for covariates, using propensity scores. 10, 11 Propensity score, defined as the probability of being treated with EIAC (given all other prognostic variables or covariates), was used to balance these covariates in the 2 groups, similar to what would be achieved by randomization. A propensity score for EIAC treatment was estimated using all patients and treatment variables in a logistic regression model, and used as an adjusting variable in the Cox proportional hazards and logistic regression models to determine the association of EIAC with the outcome variable (survival or PFS). All statistical tests were 2-sided, and the a priori level for declaring statistical significance was 0.05.
Standard protocol approvals, registrations, and patient consents. This database study (NCCTG N0475) was approved by the Cancer Treatment and Evaluation Program of the National Cancer Institute. This study, as well as the 3 clinical trials from which the database was generated (NCCTG 937252, 987252, and N0074), were approved by the Mayo institutional review board. Informed, written consent was obtained from all patients or guardians for participation in one of these trials. The ClinicalTrials.gov identifiers were NCT00003996 (NCCTG 987252).and NCT00014170 (NCCTG N0074). There was no identifier for NCCTG 937252, which was completed before institution of regulatory requirements for identifiers. To identify potential changes in practice patterns over time, we looked at variation in patient characteristics among the 3 sequential studies. Most characteristics remained similar. The proportion of patients using an EIAC did not differ among the studies ( p ϭ 0.28). A baseline history of seizures was more common in earlier trials (chronologically, 33.3%, 6.5%, and 14.3% incidence, p ϭ 0.0004). Biopsies were more common in earlier studies (chronologically, 19.6%, 15.2%, and 8.4%), and gross total resections were more frequent in later studies (chronologically, 26.3%, 35.9%, and 46.3%, p ϭ 0.001). Baseline steroid administration was also more common in the earlier studies (chronologically, 77.3%, 63.0%, and 57.9%, p Ͻ 0.0001).
RESULTS
Comparison of patient/treatment characteristics by EIAC use. The EIAC-treated patients were slightly younger than non-EIAC patients (median 55 vs 58 years, p ϭ 0.0057), were less likely to have had a biopsy only (13.4% vs 27.8%, p Ͻ 0.0001), and had slightly higher Mini-Mental State Examination scores (median 29 vs 28, p ϭ 0.045). The frequency of use of steroids at baseline did not differ (74.5% vs 66.9%, p ϭ 0.057). The patients did not differ on any other defined baseline characteristics.
Association between EIAC use and immediate progression. Immediate progression rates were higher in patients not treated with an EIAC than in those treated with an EIAC (45.1% vs 30.6%, p ϭ 0.0007). The univariable OR for EIAC treatment and immediate progression was 0.54 (95% confidence interval [CI] 0.37-0.77). A multivariable logistic regression model was generated for immediate progression, adjusted for known prognostic factors ( Association between EIAC use and progression-free survival. EIAC-treated patients also had longer PFS than patients not treated with an EIAC (5.6 vs 4.8 months, p ϭ 0.003) (figure 2). The univariable and multivariable estimates were consistent with the estimate produced by the multivariable model using a propensity score adjuster.
Relationship of seizure history with outcome. Of the 145 Mayo Clinic patients, 21 had a baseline seizure history, all of whom were receiving EIAC. Of the remaining patients without a history of seizures, 82 (66.1%) were receiving prophylactic EIAC. No significant differences in defined characteristics were observed between those with or without a seizure history. Immediate progression rates did not differ between these groups (37.9% vs 23.8%, p ϭ 0.32). The univariable OR for immediate progression for those with a baseline history of seizures was 0.51 (95% CI 0.18 -1.49), and that for those without a history of seizures was 1.15 (95% CI 0.53-2.49). Immediate progression rates for patients without a history of seizures were 39.2% if EIAC treated and 35.7% if not receiving EIAC ( p ϭ 0.72). With pro- Table 1 Baseline characteristics for all patients (n ‫؍‬ 620) pensity score adjustment, the immediate progression OR for EIAC patients with a seizure history was 1.08 (95% CI 0.48 -2.46). This differed from the overall data set, in which EIAC use was associated with reduced odds of immediate progression. The median survival for patients with seizures (all receiving EIAC) was 16.4 months, compared with 12.4 months for EIAC patients without a seizure history and 9.9 months for those non-EIAC patients without a seizure history. However, OS did not differ between those with or without a history of seizures, regardless of EIAC status (median survival 16.4 months vs 10.9 months, p ϭ 0.20). Although there was a trend for the EIAC patients without baseline seizure history to live longer, it did not achieve significance (p ϭ 0.079). Similarly, there was no difference in PFS between EIAC patients with a history of seizures, EIAC patients without seizures, and non-EIAC patients without a history of seizures (4.3, 6.0, and 5.0 months, p ϭ 0.14). No difference in PFS was observed between patients with or without a history of seizures ( p ϭ 0.19) or between EIAC and non-EIAC patients without a seizure history ( p ϭ 0.11).
Models were used to compare the association between EIAC use and outcome (OS and PFS) for patients without a history of seizures. The univariable hazards ratio of EIAC use for survival was 0.71 (95% CI 0.48 -1.04). With propensity score adjustment, the survival hazards ratio for EIAC use was 0.79 (95% CI 0.52-1.22).
DISCUSSION
The enzyme-inducing anticonvulsants phenobarbital, phenytoin, carbamazepine, and primidone are potent P450 microsomal enzyme inducers. Of the 6 major human hepatic cytochrome P450 (CYP) isoenzymes (CYP 1A2, 2C9, 2C19, . 12 The maximum tolerated dose (MTD) of IV irinotecan administered to patients with GBM in an every-3-week schedule was 750 mg/m 2 in those receiving EIAC, compared with 350 mg/m 2 in the non-EIAC group. 13 Wide differences in the MTD of imatinib, tipifarnib, gefitinib, temsirolimus, taxanes, vinca alkaloids, methotrexate, and teniposide have also been observed in EIAC vs non-EIAC patients. [14] [15] [16] [17] Recently, there has been a decrease in the use of EIAC in favor of the newer non-enzyme-inducing anticonvulsants, which do not have potent P450 enzyme-inducing or inhibiting activity. It should be pointed out that the pharmacokinetic interactions of newer non-EIAC with chemotherapy have been less well studied. Gabapentin, vigabatrin, levetiricam, and lamotrigine are relatively devoid of P450-inducing or inhibiting properties. Topiramate and oxcarbazepine are weak inducers of CYP 3A4 and weak inhibitors of CYP 2C19, and zonisamide also has variable but weak inducing or inhibiting effects. 18 In contrast, valproic acid is a potent inhibitor of microsomal enzymes and may actually increase the toxicity of chemotherapy.
There are limited prior data correlating outcome of patients with cancer with EIAC use. In a review of children with B-cell acute lymphoblastic leukemia who were receiving active chemotherapy, those receiving EIAC for Ͼ30 days had shorter event-free survival and an increase in the rate of hematologic and CNS relapse. 1 In a phase 2 study of tipifarnib in for recurrent GBM, EIAC patients had more hematologic toxicities and lower PFS at 6 months than those not receiving EIAC. 15 Finally, a prior study of 168 patients with GBM found differences in survival between those receiving vs not receiving EIAC (10.8 vs 13.9 months) and increased hematologic toxicity in the non-EIAC group. 19 This study differed in several ways from our current analysis, in that it was a retrospective review of patients treated with a variety of regimens, the study did not include adjustments for known prognostic covariables, and most non-EIAC patients were receiving the P450 inducer valproic acid. In contrast, our current analysis was derived from patients treated on prospective clinical trials with a limited number of regimens, prognostic variables were studied for covariation via multivariable analyses, and we primarily compared patients receiving EIAC vs those not receiving any anticonvulsants.
Other prior studies have reported improved outcome in EIAC patients. 20, 21 In a prospective study of patients with recurrent GBM receiving imatinib and hydroxyurea, EIAC use was an independent predictor of longer PFS, even though there were lower imatinib plasma levels in the EIAC group. 20 EIAC use also correlated with improved outcome in a prospective phase 2 single-arm trial of temozolomide and marimastat in treatment of patients with anaplastic glioma. 21 A potential limitation of the current study is that most patients were treated in an era of widespread use of prophylactic EIAC (phenytoin, phenobarbital, carbamazepine, and others). These trials were conducted before publication of the meta-analysis results, which did not find a role for prophylactic use of anticonvulsants in patients who had brain tumors without seizures 22 ; also, before the general availability of newer non-EIAC; and finally, before the impact of EIAC on chemotherapy metabolism was well recognized. In the past decade, EIAC use has dropped considerably because of more discriminate use of anticonvulsants and the more widespread use of nonenzyme-inducing anticonvulsants. Another limitation is that we did not perform a separate analysis that correlated outcome with changes in EIAC administration during the actual treatment on the clinical trials.
Nevertheless, we found that patients receiving EIAC at baseline had longer OS and PFS and lower immediate progression frequency than the group of patients who were not receiving EIAC. A cause-andeffect relationship for this association cannot be derived from this analysis. We could not identify physician selection bias prompting use of EIAC in patients expected to have a favorable outcome. If anything, one would expect that nonneurologic physicians (most NCCTG accruals originate from general medical oncologists) might administer prophylactic EIAC to patients expected to have poorer outcome, e.g., lower performance status and steroid dependence, but these prognostic factors did not account for the observed differences in the multivariable analysis. One would expect the use of EIAC in patients with a baseline history of seizures, which has been associated with more indolent progression of gliomas, 23 but the presence of seizures at baseline did not account for the observed survival differences between patients receiving or not receiving EIAC. In fact, in the multivariable analysis, the association of improved survival with EIAC use also remained significant even after adjustment for age, neurocognitive and performance status, baseline steroid use, and extent of resection, and despite adjustment for variations in the distribution of known prognostic variables between EIAC and non-EIAC patients using propensity scores. It is possible that EIAC affected metabolism of steroids, increasing survival in this group. Such an association was not identified, and we do not have data on steroid requirements after study entry. Steroid administration has not been shown to have a significant effect on prolongation of survival in patients with GBM when administered in the absence of radiation therapy. 23 We can only speculate on the cause for the observed association. It is possible that a selection bias that we did not identify was introduced by treating physicians. Although small differences in age favoring EIAC patients were observed in the univariable analysis, age was not correlated with EIAC use in the multivariable analysis. It is possible that non-EIAC patients developed greater toxicity, contributing to morbidity or shorter survival. It is conceivable that more patients with prognostically more favorable secondary GBM were receiving EIAC. However, these potential variables were not retrievable from the database.
It is unclear whether EIAC have direct antitumor effects. Direct exposure of C6 glioma cell lines to phenytoin increased the doubling time. 24 In contrast, pretreatment of rats bearing intracranial RG-12 gliomas with phenobarbital reduced tumoricidal activity and toxicity of the alkylator amino-methyl-pyrimidinylmethyl-chlorethyl nitrosourea (ACNU), but only when compared with survival after exposure to the CYP 3A4 inducer sodium valproate. 25 Carbamazepine, phenytoin, and valproic acid do not seem to reduce or increase glioma cell viability, proliferation, or clonogenicity at clinically relevant concentrations. 26 Finally, it is possible that EIAC provide a protective effect, via a mechanism that is not yet recognized. For example, folinic acid, an important factor for neoplastic cell growth, is depleted via induction of metabolism by phenytoin. However, the reason for the observation of increased survival of EIAC patients remains a mystery.
